A protein (SNP70) has been isolated which binds to the src homology domain 3 of p47 phox , p85α and c-src. Cloning and sequencing of the polypeptide revealed it to be a 70kD protein that has a number of potential domains including src homology 3 binding motifs and several nuclear localization signals. Immunofluorescence using anti-peptide antibodies revealed SNP70 to be primarily concentrated in the nucleus, but excluded from nucleoli, in interphase cells, however it was distributed throughout the cytoplasm in dividing cells. Extraction and subfractionation experiments indicated that SNP70 did not bind directly to DNA, but did bind to polyG-rich oligonucleotides and was resistant to extraction with non-ionic detergents, but was solubilized by treatment with RNase, high salt or ammonium sulfate. Double immunofluorescence experiments showed that SNP70 co-localized with two pre-mRNA splicing factors sc35 and U2B'' within the nucleus. A population of SNP70 was found outside the nucleus, and double immunofluorescence and immuno-electron microscopy demonstrated that it associated with vimentin-containing intermediate filaments, particularly those surrounding the nucleus. The data suggest that SNP70 associates with nuclear or perinuclear filaments may play a role in the regulation of pre-mRNA processing.
INTRODUCTION
Intermolecular associations are essential for the generation of intracellular signals resulting from activation stimuli at the plasma membrane. A number of modular domains have now been described which mediate these interactions, and sequence homologies have indicated that these domains are widespread in signaling molecules. Examples of domains which are responsible for intracellular associations of signaling molecules include plekstrin homology (PH) domains, src homology 2 (SH2) domains and src homology 3 (SH3) domains (1, 2) .
PH domains are regions of about 100 amino acids, usually of low homology, which associate with small hydrophobic moieties such as inositol phospholipids, and it has been proposed that PH domains are a mechanism for targeting proteins to membranes (3, 4, 5) .
SH2 domains are regions of about 100 amino acids that bind to specific phosphotyrosine-containing peptide sequences (6, 7, 8) . Ligation of receptors at the cell surface results in the formation of complexes consisting of specific intracellular signaling molecules (9, 10, 11) , and so SH2 domains appear to target molecules to the plasma membrane by binding to proteins which contain phosphotyrosine. NMR studies and X-ray crystallography have revealed detailed structures of a number of SH2 domains, and all consist of two antiparallel β sheets surrounded by two α-helices, with the phosphotyrosine and +3 residue tightly bound to two pockets on the domain surface (12) .
SH3 domains are regions of about 50-75 amino acids which are also commonly found in signaling molecules, in cytoskeletal components and also in the phagocyte superoxide forming complex, the NADPH oxidase. Many proteins which contain PH and SH2 domains also contain an SH3 domain, however there are subsets of proteins which can have several permutations or multiples of these domains. SH3 domains bind to proline-rich sequences with a core motif of PXXP where P are conserved proline residues and X are commonly aliphatic (13) . Whilst there is some promiscuity in the binding of some SH3
domains to different proline rich motifs (14) other SH3 domains are highly selective and will bind to only a single specific sequence (15, 16) . All SH3 domain ligands adopt a type II polyproline helix conformation and structural studies have shown that proline-rich motifs fall into two classes which can bind to SH3 domains in either forward or reverse orientations (17, 18, 19, 20, 21, 22, 23, 24) . The activation of the phagocyte NADPH oxidase is regulated by the SH3 domain-mediated assembly of cytosolic components with a membrane protein complex containing a proline-rich SH3 domain binding site (25) . Although it is well recognized that regulation of SH2 domain interactions occurs by phosphorylation, the regulation of SH3 domain interactions is less well understood and is probably at the level of conformational changed leading to masking or unmasking of the domain or its ligand.
In an attempt to identify novel SH3 binding proteins which might be involved in intracellular signaling we have attempted to isolate SH3 domain containing proteins from cells. This paper describes the identification and cloning of a proline-rich, SH3 domainbinding protein which is localized to distinctive regions of both the cell nucleus and the cytoplasm.
MATERIALS AND METHODS

Cells and Reagents
The bacterial expression vector pGEX-4T-1 was purchased from Pharmacia.
Glutathione-agarose beads were obtained from Sigma. HEL, Namalwa, Jurkat and U937 cell were originally obtained from the American Type Culture Collection and cultured in RPMI 1640 medium (Flow Laboratories), and COS and 293 cells were grown in Dulbecco's modified Eagles medium containing 10% heat-inactivated fetal calf serum (Imperial Laboratories) at 37 o C in 5% CO 2 . All chemicals were Analar grade or better (BDH), and all other reagents were purchased from Sigma unless stated otherwise.
Glutathione S-Transferase Fusion Proteins
cDNA sequence encoding the SH3 domains of PLCγ1, p85α, c-src, n-src, c-fgr, p47 phox , and p67 phox as glutathione-S-transferase (GST) fusion proteins were generated and used as described previously (15, 16) . Constructs were transformed into Escherichia coli XL1-Blue and expression of GST fusion proteins performed as described previously (26) .
GST-SH3 binding assays and RNA-agarose binding assays
Affinity matrices were prepared by immobilizing 25 µg of fusion protein on 50 µl of glutathione-agarose beads (Sigma). Cells were pelleted and washed twice in phosphate buffered saline. Cell pellets were solubilized in lysis buffer (50 mM Tris pH 7.5, 5 mM EGTA, 2% (v/v) Triton X-100, 75 mM NaCl, 0.5 mM PMSF) and clarified by centrifugation at 14,000g for 15 minutes at 4 o C. Cell lysate was mixed with the GST-SH3 affinity matrices 5 for 3 hours at 4 o C. The beads were then washed extensively in wash buffer (50 mM Tris pH 7.5, 0.1 % (v/v) Triton X-100, 10% (v/v) glycerol). Binding proteins were eluted by boiling in SDS-PAGE sample buffer, resolved by SDS-PAGE and prepared for microsequencing as described (15, 16) .
Cells were also lysed into lysis buffer B (25mM HEPES pH 7.5, 150mM NaCl, 2mM EDTA, 0.5% triton X-100, 0.1% SDS, 10µg/ml leupeptin, 10µg/ml Aprotonin) at 2mg/ml for 30 minutes. The lysates were centrifuged at 14,000rpm and 0.4mg of the soluble material was added to 50µl of a 50% suspension of polyG, polyA or polyU-agarose beads (Sigma) for 20 minutes. The beads were washed five times in lysis buffer B and the beads resuspended in Laemli lysis buffer for SDSPAGE and western blotting. In some cases the beads were pre-treated with 10µg of RNase for 10 minutes.
Sequencing and cloning of 100 kD SH3 domain-binding protein
A 100kD polypeptide that bound to the SH3 domains of p47 phox was purified from 10 9 Namalwa cells by SH3 affinity chromatography as described above. The protein sample was separated by SDS-PAGE, identified by Coomassie Blue staining, excised and digested with Lys-C in the gel slice. Peptides were extracted from the gel and separated by tandem ion exchange and reverse phase HPLC using a Hewlett-Packard 1090M and diode array detection system. Purified peptides were sequenced using fast cycle, automated Edman chemistry on an Applied Biosystems 477A sequencer, modified as described (27) . Peptide sequences obtained from microsequencing were used to search the dbEST database. Clone 
Construction of DNA expression constructs encoding myc-tagged and GFP-tagged SNP70
For expression of SNP70 in COS7 cells, a cDNA encoding residues 2-641 was amplified by PCR from the full-length p100 cDNA using oligonucleotides containing an EcoRI site (5' oligonucleotide) and NotI site (3' oligonucleotide). An EcoRI-NotI-digested PCR fragment was subcloned into a pCDNA3 derivative which had been modified to contain a myc epitope (MEQKLISEEDL) followed by an in-frame EcoRI site. Expression of the myc-tagged protein was driven from a cytomegalovirus promoter. The correct sequence of the myc-tagged construct was confirmed by DNA sequence analysis. COS7 cells were transfected by electroporation. GFP-tagged SNP70 was constructed using overlapping recombinant PCR. Oligonucleotides were designed to amplify the coding regions of SNP70 and EGFP (Clontech) so that a second PCR reaction enabled the in-frame gene fusion to be generated. A Kozak sequence was added to the 5' translation start site of SNP70 to maximise expression. The SNP70-EGFP PCR product was cloned into the MSCVneo vector (Clontech) as an EcoRI-XhoI fragment and the sequence verified.
Western blotting
Anti-peptide antibodies raised against the final fifteen carboxy terminal residues from SNP70 were generated in rabbits and used for western blotting from cell lysates. SDS-PAGE separated proteins from 10 5 cells were transferred to nitrocellulose filters and after blocking with 5% non-fat milk powder for 1 hour the filters were overlaid with a 1:1000 dilution of anti-SNP70 in PBS containing 0.05% Tween 20 for 1 hour. The filters were washed three times in PBS/Tween 20 and overlaid with a peroxidase-conjugated goat anti-rabbit Ig (Biorad). The bands were detected using the ECL system (Amersham). Images were scanned using a Microtek Scanmaker II, densitometry was performed and peaks integrated using ScanAnalysis linked to an Apple Macintosh Quadra.
Subcellular fractionation
MDCK cells were subjected to hypotonic shock for 5 minutes in 10mM Tris pH 7.4 plus After an additional three washes in PBS the cells were mounted in Citifluor and viewed using a Zeiss axioplan microscope equipped with epifluorescence. In some experiments cells were viewed using a Zeiss Axiovert microscope equipped with Biovision Digital Confocal Microscopy software (Improvision Ltd Warwick, UK). Double immunofluorescence was performed using monoclonal antibodies to the pre-mRNA splicing factors SC35 and U2B" in combination with anti-SNP70 antibodies followed by a mix of FITC-labeled goat antirabbit Ig and TRITC-labeled goat anti-mouse Ig. The FITC-labeled goat anti-rabbit Ig and TRITC-labeled goat anti-mouse Ig secondary antibodies were cross absorbed against mouse Ig and rabbit Ig respectively to prevent cross-species Ig reactivity.
Northern blotting
The SNP70 full length cDNA was cut out of the pCDNA3.1 Myc-tagged vector using Eco R1 and Not 1 (Gibco), the 2kb insert was gel purified using a Qiaquick kit (Qiagen) and radio labeled to a specific activity of ~2x10 9 dpm/mg using a rediprime random prime labeling kit (Amersham). A Multiple tissue northern blot containing Poly A+ mRNA isolated from various human tissues (Clontech) was pre-hybridized with RapidHyb (Amersham) for 30min at 60 0 C. The unincorporated nucleotides ( 32 P dCTP) were removed using a nick spin column (Bio-Rad) and the denatured probe added to the RapidHyb buffer. After overnight hybridization at 60 0 C, the blot was washed at high stringency (twice in 2 x SSC/0.1% (w/v) SDS for 20 minutes each and once in 0.1 x SSC/0.1% (w/v) SDS for 20 minutes). The blot was exposed for 2hrs at -70 0 C using Hyperfilm-MP (Amersham). The blot was subsequently stripped by adding boiling 1% (w/v) SDS and allowing to cool to room 9 temperature. The stripping was confirmed by overnight autoradiography at -70 0 C and reprobed using a RediPrime labeled (as before) actin probe supplied with the Multiple tissue blot.
Immuno-electron microscopy
Cells were plated on to glass coverslips, extracted with 0.5% Nonidet P40 in the presence of phalloidin and taxol (Sigma), and processed for immuno-electron microscopy essentially as described (29) . Briefly, after washing the cells were fixed in 2% paraformaldehyde in PBS for 15 minutes and then processed as described (29) . Micrographs were taken on a Phillips CM10 electron microscope operating at 80kV.
Extraction of SNP70 from cell nuclei
Cells were plated on to glass coverslips overnight and subjected to one of the following extraction procedures: CSK buffer (10 mM PIPES, pH 6.8, 300 mM sucrose, 100 mM NaCl, 3 mM MgCl 2 , 1 mM EGTA, 1% NP40) for 40 minutes on ice; CSK buffer plus 10µg/ml RNaseA; CSK buffer plus 500 units/ml DNase I for 40 minutes at 37 o C; CSK buffer
RESULTS
SH3 domain binding proteins from a B cell line
Namalwa cells were lysed into Triton X-100-containing buffer, and after centrifugation of insoluble material the lysates were incubated with immobilized fusion protein constructs of GST-SH3 domains. Figure 1 shows that the Namalwa cell proteins which bound to the tandem N-terminal and C-terminal SH3 domains of p47 phox (p47 phox N/C) or the SH3 domain of PLCγ1 gave distinct profiles. Both domains bound a polypeptide of approximately 60kDa. Polypeptides of approximately 70kDa and 75kDa associated only with 47 phox N/C, and a polypeptide of about 90kD bound to both PLCγ and p47N/C. There was an additional prominent band detected at about 100kDa which also bound to the immobilized p47 phox N/C-SH3 domain-containing construct (arrow). This 100 kDa protein did not bind to beads alone, to GST-immobilized beads or to the SH3 domain of PLCγ1.
Larger quantities of the 100kDa band were prepared from 10 9 cells and purified by binding to p47 phox N/C SH3 domain followed by SDS-PAGE. The band was excised and subjected to microsequencing.
Cloning and sequencing of SNP70
Ten peptides were derived from microsequencing of the 100kDa polypeptide bound to p47 phox SH3 domain ( 
Generation of antibodies against SNP70
To gain more information about the function of SNP70 rabbit antipeptide antibodies were raised against the fifteen carboxy terminal residues. Western blotting using anti-peptide antisera revealed the detection of a single band which runs at about 100kDa on reducing SDSPAGE (Fig 3A) , whereas preimmune sera from the same animals gave no such band.
Confirmation that the anti-peptide antibodies recognized the cloned protein was obtained by (Fig. 3B) . Thus SNP70 runs with a higher apparent molecular weight than would be predicted from the primary sequence. The reason for this is presently unknown, but may be related to its high proline content. Examination of a number of cell lines showed that SNP70
was expressed in all cells tested which included B cells, T cells, monoblastoid cells, reticuloendothelial cells and fibroblasts ( Fig. 3A; data not shown).
Selectivity of SNP70 binding to SH3 domains
The binding of SNP70 to a panel of 12 immobilized SH3 domains was performed and the association detected by immunoblotting (Figure 4 ). Initial studies indicated that SNP70 bound selectively to the N-terminal SH3 domain derived from the NADPH oxidase component p47 phox , and to a construct containing both the N-terminal and C-terminal SH3 domains of p47 phox . Longer exposures showed that SNP70 bound to the SH3 domains derived from p85α and c-src in addition to p47 phox ( Figure 4B ). Direct comparison of binding activities demonstrated that SNP70 bound preferentially to the p47 phox N SH3 domain and more weakly to the p85α and c-src SH3 domains, (3% and 6% respectively of p47 phox binding as assessed by scanning densitometry). No binding was detected to the SH3 domains derived from GAP, GRB2, itk, n-src, abl, PLCγ1, fgr, the C-terminal SH3 domain of p47 phox , or either the N-terminal or C-terminal domains of p67 phox ( Figure 4A ,B). corresponding to SNP70 message was detectable on all tissues examined (Fig 5A) , however, longer exposures showed the presence of further transcripts at approximately 4 and 5kb (data not shown). The highest level of mRNA could be seen in the heart, with pancreas, kidney, skeletal muscle, placenta and brain also exhibiting comparatively high level of message.
SNP70 message was lowest in liver and lung, where only a faint band was detected. Western blotting was also performed on human tissue extracts. Consistent with northern blotting, heart tissue showed the highest levels of SNP70, with skeletal muscle, ovary, testis, brain and kidney also giving a strong band (Fig 5B, upper panel 
Nuclear localization of SNP70
Preliminary immunofluorescence experiments in a number of cell types revealed nuclear staining of T lymphoid cells, B lymphoblastic cells, monocytic cells, fibroblasts and epithelial cells (data not shown). MDCK cells were chosen for further investigation because they are relatively large cells with prominent nuclei and thin cytoplasm, which allows good intracellular localization at the light microscope level. Antibody staining of formaldehyde fixed, permeabilised cells revealed that SNP70 was localized prominently in the nucleus, and had a granular appearance when viewed at high magnification, which was even more apparent when digital confocal microscopy was used (Fig. 6a,l) . There was some diffuse staining present in the cytoplasm of interphase cells. Double staining with propidium iodide showed that SNP70 did not co-localize specifically with DNA, since it was excluded from nucleoli where DNA staining was strongest (Fig. 6a,b,c) . The localization of SNP70 in dividing cells was different from that of interphase cells. In prophase cells where DNA condensation had just been initiated the nuclear SNP70 staining became more diffuse throughout the cell (Fig. 6d ,e,f; arrows), and in metaphase or anaphase cells SNP70 was distributed throughout the cytoplasm, but excluded from the condensing chromatids (Fig.   6g ,h,i; arrows). In order to examine whether the cloned gene product had a similar localization to endogenous SNP70, cDNA for SNP70 was microinjected into MDCK cells and 24 hours later the cells were processed for immunofluorescence. Immunofluorescence microscopy revealed that the recombinant protein was localized predominantly in the nucleus, however there was some excess protein in the cytoplasm, suggesting that the nuclear transport mechanism had been saturated by the overproduction of SNP70 (Fig 6j,k) . Digital confocal microscopy revealed that SNP70 had a granular, heterogeneous distribution within the nucleus (Fig. 6l) Extraction of SNP70 from cell nuclei.
The intracellular localization of SNP70 suggested that it did not bind directly or indirectly to DNA in the nucleus since its immunofluorescence staining profile did not exactly coincide with propidium iodide staining. To investigate this further the biochemical characteristics of SNP70 association with cell nuclei were studied by the use of a variety of extraction procedures. SNP70 nuclear localization was resistant to extraction with 1% Nonidet P40 in cytoskeleton buffer for 40 minutes, a procedure which extracts several nuclear proteins such as proliferating cell nuclear antigen (data not shown ; Fig 7a,b) . Thus SNP70 was not a soluble nuclear protein. SNP70 nuclear localization was also resistant to digestion with DNase I under conditions which removed virtually all the DNA from the nucleus (Fig. 7c,d ). In contrast, substantial amounts of SNP70 were extracted from nuclei by treatment with RNaseA (Fig 7e,f) , suggesting a partial interaction with nuclear RNA.
Extraction with either 2M sodium chloride (Fig. 7g,h ) or 0.25M ammonium sulfate (Fig. 7i,j) resulted in almost total loss of SNP70, although the latter three conditions had no effect on nuclear DNA staining. The differential extraction profiles of DNA and SNP70 demonstrated that this protein did not closely associate with DNA. Additional experiments also revealed that the cytosolic SNP70 in mitotic cells was readily removed by a brief NP40 extraction (data not shown). Quantitation revealed that Nonidet P40-treated or DNase I-treated cells retained greater than 90% of SNP70 whereas 64% was solubilized by RNase, 77% solubilized by 2M NaCl and 89% was solubilized by 0.25M ammonium sulfate (data not shown). The preceding experiments were performed in cells which had been extracted with detergent prior to further biochemical fractionation. To further assess the association of SNP70 with the nucleus, cells were subjected to hypotonic shock followed by dounce homogenization. A low speed spin produced isolated nuclei with attached cytoskeletal components whilst a high speed spin of the post-nuclear supernatant produced a particulate fraction consisting mainly the membranous components of the cells and a cytosolic fraction.
Western blotting revealed that SNP70 was predominantly associated with the nuclear fraction, with a minority associated with the membranous fraction. No detectable SNP70 was (Fig. 8A) . In all cases pre-immune sera from the same animals gave minimal background labelling (data not shown). Several SH3 domain-binding proteins which shuttle in and out the nucleus bind to RNA, therefore we tested whether SNP70 bound RNA immobilised on beads. Figure 8B shows that SNP70 from mammalian cells bound to polyGagarose beads, but did not bind to polyU or polyA-agarose beads. The association of SNP70 binding to polyG-agarose beads was abolished if the beads were pre-treated with RNase, showing that the binding was RNA-dependent (Fig. 8B) .
Nuclear SNP0 co-localizes with pre-mRNA splicing factors.
Immunofluorescence showed that the nuclear staining of SNP70 was granular, and on close examination using digital confocal microscopy, was localized to 20-30 distinct speckles within the nucleus, reminiscent of the distribution of pre-mRNA splicing factors (30) . To determine whether SNP70 associated with these spliceosome factors double immunofluorescence was performed using antibodies to SNP70 and the pre-mRNA splicing factors SC35 and U2B" (31, 32) . The staining patterns of SC35 and U2B" showed the expected localization to nuclear speckles, and double immunofluorescence experiments showed strong co-localization of SNP70 with both the pre-mRNA splicing factors SC35 (Fig. 9a,b) and U2B" (Fig. 9c,d) . Treatment of cells with the RNA polymerase II inhibitor α-amanitin induces aggregation of splicing factor-containing speckles (30) . After 60 minutes treatment the nuclear speckles containing SC35 and U2B'' had fused to form much larger domains within the nucleus (Fig. 9f,h ). SNP70 co-localised with these factors, showing a similar redistribution to the fused speckles (Fig 9e,g ). Not only was there evident colocalization in the nucleus, the size and intensity of the pre-mRNA splicing factor speckles correlated closely with that of SNP70. Specificity control experiments using the anti-mouse secondary antibodies with rabbit primary antibodies and vice versa showed only faint background fluorescence (data not shown).
Association of cytoplasmic SNP70 with vimentin
When cells were fixed in methanol, there was clear localisation of SNP70 to a perinuclear localisation (Fig 10 k,l) , which was not as prominent when cells were fixed in formaldehyde.
To confirm that this was not an artifact of spurious antibody cross-reaction the intracellular localisation of a GFP-tagged SNP70 was investigated. Cells were transfected with GFP-SNP70 and its localization was detected using fluorescence. GFP-SNP70 showed two distinct localizations. There was localization to the speckles as seen with antibody staining ( Fig. 10b; arrows) . In addition there was a perinuclear localisation, suggesting association with a matrix surrounding the nucleus ( Fig. 10a; arrowhead) . This double localization to perinuclear matrix and nuclear speckles can be found in the same cell when different focal planes are studied ( Figure 10c arrows; Fig. 10d arrowheads) . In some cells the nuclear speckles and perinuclear matrix staining can be seen in the same focal plane (Fig 10e arrow and arrowhead). Cells transfected with GFP alone show an even fluorescence throughout the cell (Fig 10f) . The perinuclear GFP-SNP70 co-localised in part with vimentin staining of intermediate filaments, although GFP-SNP70 distribution was not as extensive in the cytoplasm of the cells as vimentin, being more concentrated around the nucleus (Fig. 10g,h; arrows.). When cells were treated with colchicine, the vimentin-containing filament system collapsed around the nucleus (Fig. 10i) . GFP-SNP70 co-distributed with vimentin in these treated cells to an even tighter perinuclear localisation (Fig. 10i,j, arrowheads) .
Untransfected, methanol-fixed cells double stained using anti-SNP70 and anti-vimentin showed a similar co-localisation demonstrating that the filamentous perinuclear distribution of SNP70 was not an artefact of GFP tagging (Fig 10k,l, arrows) . Perinuclear matrix colocalization could not be detected in formaldehyde fixed, Triton X-100 extracted cells, presumably because formaldehyde destroyed the association. Pre-immune sera from the same animals gave only low background fluorescence (data not shown). To gain further insight into the cellular function of SNP70, immuno-electron microscopy using anti-SNP70 plus gold conjugated goat anti-rabbit Ig was performed on fixed, permeabilised cells.
Intermediate filaments connecting with the nucleus are apparent (Fig. 11 ). Immunogold labelling of these intermediate filaments could be clearly detected and appeared to be direct (Fig. 11) . The majority of gold particles were found either as singlets on intermediate filaments or clusters of up to five particles on other perinuclear detergent-insoluble structures (Fig. 11) . Gold particles also labeled the nuclear periphery but only in regions devoid of nuclear membrane (Fig. 11) . No gold particles were found in association with intracellular membrane vesicles (data not shown), and a maximum of ten gold particles in total were found randomly dispersed in regions similar to those shown in Figure 
DISCUSSION
More than 80 SH3 domain-containing proteins have now been described. The majority of these proteins fall into the categories of signaling proteins or protooncogenes, the archetype being pp60 c-src , and it has been shown that the presence of the SH3 domain of this protein is essential for DNA synthesis induced by platelet-derived growth factor and epidermal growth factor (33, 34) . Several cytoskeletal proteins also contain SH3 domains, for example myosin I and α-spectrin, and these domains may be involved in the intracellular localization of proteins (35) . A third category of SH3 domain-containing proteins are the components of the NADPH oxidase system of phagocytes. The SH3 domains of the cytoplasmic components p47 phox and p67 phox interact with the cytoplasmic tail of the membrane component p22α phox , and this subunit assembly results in an active holoenzyme (15, 16, 25, 36) . Less is known about the function of SH3 domain-binding proteins. A number of these are linked to intracellular signaling complexes found near the plasma membrane, for example proline-rich sequences of SOS bind to the SH3 domains of Grb2, and this leads to the activation of ras and thus is required for growth factor signaling (37) .
Several SH3 domain binding proteins have been identified in the activation pathway of small GTP-binding proteins; the first molecule identified as an SH3 domain binding protein, 3BP1, is a rasGAP (38) , and dynamin, which binds to the SH3 domain of phosphatidylinositol kinase, is a GTPase (14).
In most cases SH3 domain binding proteins are located either at the plasma membrane or in the cytoplasm, commonly near the plasma membrane, however more recently a family of other SH3 binding proteins with a different cellular localization has been described.
Heteroribonucleoprotein K is an RNA-binding protein which also interacts with the SH3 domain of vav which may link receptor events with the cell nucleus (39) . A protein recently identified as a target for c-src during mitosis, SAM68, is an RNA-binding protein which associates with a number of SH3 domains using several of its proline-rich (24, 40, 41) .
SAM68 co-localizes with nck in the cell nucleus (42) , thus there appears to be a subset of SH3 domain binding proteins which have some association with the nucleus or nuclear material. The work reported here describes a protein SNP70, that is mainly localized within the nucleus, which also binds to SH3 domains and polyG-containing RNA but does not belong to this former RNA-binding protein family. Whilst an extensive survey of cells has not been performed, the protein appears to be ubiquitous, and is present on all representatives of epithelial, fibroblastic and haemopoietic cells tested to date and in all tissues investigated.
The primary sequence of SNP70 shows that it contains a number of putative functional domains. SNP70 contains several potential nuclear localization signal sequences, and this is consistent with immunofluorescence experiments. The carboxy terminal half is highly proline-rich and contains a number of potential SH3 domain-binding sequences, and there is also a sequence conforming to profilin-binding sites. Using a panel of SH3 domains we found that SNP70 bound strongly to the tandem SH3 domains of p47 phox and to the Nterminal SH3 domain of p47 phox , and more weakly to the SH3 domains from c-src and p85α. p47 phox is a phagocyte-restricted protein and is normally found in the cytosol, contrasting with SNP70 which appears to be ubiquitous and predominantly associated with the nucleus, and so it is unlikely that p47 phox is the normal ligand for SNP70. However the p85α subunit of phosphatidylinositol 3-kinase and the tyrosine kinase c-src are also ubiquitous proteins and NpwBP are identical. The carboxy terminal proline-rich sequences of SNP70/NpwBP which bind to the WW domain of Npw38 also fit with both classic type I and type II SH3 binding sequences, thus SNP70 has the potential to bind to SH3 domains either in forward or reverse orientations (22, 43) . It is also possible that these domains may compete for binding within the cell or be differentially regulated.
We have found that cell-derived SNP70/NpwBP has the ability to bind to PolyGcontaining beads, suggesting an affinity for RNA or ssDNA. Komoro et al have also found that in vitro translated SNP70/NpwBP binds selectively to polyG oligonucleotides and Grich ssDNA (43) . These data and the additional results showing that SNP70 can be partially Immunofluorescence experiments demonstrated strong nuclear staining of SNP70, and exclusion from the nucleolus. This localization changes as cell undergo mitosis, and in fully mitotic cells SNP70 appears as a protein distributed throughout the cytoplasm. Further extraction and subfractionation experiments showed that SNP70 was associated with isolated nuclei and associated its cytoskeletal elements, was resistant to DNase treatment or extraction in non-ionic detergents, but was solubilised by high salt or ammonium sulfate, treatments commonly used to isolate intermediate filaments and nuclear matrix material (44) . These data were suggestive that SNP70 did not associate directly with DNA but was associating with a matrix-like component of the cells. Double immunofluorescence revealed that SNP70 colocalized with pre-mRNA splicing factors in distinct nuclear speckles which appear to correspond to interchromatin granule clusters (45) . Like SNP70, splicing factors in the speckles are resistant to extraction with non-ionic detergent or DNase I treatment, indicating an association with structural components of the nucleus (45) . Taken together with our finding that in the cytoplasm SNP70 associates with the intermediate filament protein vimentin, it is tempting to speculate that nuclear SNP70 is either a structural component of the spliceosome or associates with structural components of the spliceosome. Komuro et al (43) suggested that SNP70/ NpwBP may be involved in the mRNA machinery of cells. Our conditions (data not shown). However SNP70 is largely insoluble under conditions which normally allow co-precipitation (e.g. low concentrations of TX-100), and the conditions necessary to extract sufficient SNP70 may be too stringent to maintain any intermolecular interaction after lysis. Indeed sc35 dissociates readily from the splicesome and is not detected in spliceosome preparations (46) . Similarly, SH3 domain affinities are commonly in the low micromolar range which may not be maintained through immune precipitation procedures.
Binding of a proline-rich sequence can occur when a cell lysate is exposed to immobilised SH3 domain in vitro because this is presented in high excess, thus forcing the reaction towards binding. 
